The first active beam-plasma experiments utilizing the space shuttle were carried out in March 1982 as part of the NASA Office of Space Science mission on the third space shuttle flight. A fast pulse electron generator emitted a 1-keV, 100-mA electron beam in either a continuous (dc) mode or an on/off modulated mode in the ELF to HF frequency range. Stimulated electrostatic and electromagnetic waves and associated plasma effects were measured with the plasma diagnostics package as it was maneuvered through and near the beam by the remote manipulator system. For the dc beam the wave spectrum was electrostatic, was peaked in the 300-to 500-Hz range with a spectral density of 4 x 10 -3 V 2 m -2 Hz -x, and was unpolarized. Above the nominal lower hybrid resonance frequency the intensity decreased but was polarized. Strong emissions near the electron gyrofrequency and the plasma frequency were occasionally detected. The background spectrum was similar to the dc case for VLF and ELF modulations, but the emissions at the modulation frequency were more electromagnetic and more intense with field strengths of up to 1 V m -x.
Although the spectra in Figure 1 are presented in terms of electric field strength in decibels, the noise does not appear to be narrow band in nature. When observed on a separate 10-kHz wide-band receiver (not shown in Plate 2) over the frequency range of 10 Hz to 30 kHz, the noise appears nearly "white" [see Shawhan et al., 1984a] . The background magnetic field noise is cluttered with discrete emission lines from various power converters on the orbiter. However, the beam-generated magnetic noise also appears to be white. Consequently, the spectra should be plotted in terms of voltage spectral density, V 2 m-2 Hz-x, and magnetic spectral density, T e Hz-x, Further enhancement at the 3-kHz and 5-kHz fundamental modulation frequencies is apparent. In Figure 6 a representative electric and magnetic spectrum is given. The background electric spectrum produced by the beam is very similar to that of the dc beam shown in Figure 1 . The magnetic field background is also similar in level except that the orbiterassociated and payload-associated magnetic noise levels are higher. At the 3-kHz fundamental frequency there is a 10-to 15-dB enhancement in the magnetic field. Using equation (2), the background beam noise is found to have "n" < 1 and is interpreted to be electrostatic, whereas the noise at the modulation frequency tends to be electromagnetic: the apparent index of refraction, "n", is 4, which is greater than 1.0. The calculated value of the index is again in the range of 25 to 75. Although the index of refraction is not strictly valid in the near field, it is seen that these VLF waves are relatively more electromagnetic (by a factor of 4/0.1 = 40)than the "electrostatic" waves from the dc beam under nearly identical beam geometry and diagnostic conditions. These VLF emission sequences were utilized in about 60 different periods during the mission with the PDP on the RMS and also latched to the pallet. Emissions occurred under varying day/night, electron density, and beam pitch angle conditions with generally the same result as that depicted in Figure 6 . Although the on-to-off duty cycles are different, the emission frequencies for the two emission periods are the same. Note that the electron flux and energy spread in panel 8 is higher for the first period in Plate 4, which is expected for the higher duty cycles. Detailed electric field spectra are given in Figure 7 for both cases. Very near the fundamental frequency the higher duty cycle emission has a higher intensity, as might be expected since more power is available. In the low duty cycle case, the intensity is lower at the fundamental and higher at higher frequencies. Since the low duty cycle spectrum is equal to or greater than the high duty cycle intensity above the fundamental, the total power emitted appears to be higher: the lower duty cycle beam appears to be more efficient at producing electric fields in the near-field regime. or from the electron plasma frequency in the 1-to 10-MHz range. However, since the PDP could be rotated and moved across the electron beam from the FPEG, a unique set of wave, particle, and field measurements have been obtained on the steady state wave spectra, the wave polarization, the beam spectra after wave-particle interactions, and the associated electric and magnetic field strength for both dc and modulated operations of the FPEG.
Results from the PDP measurements on the dc beam operations are summarized in Table 3 This background electrostatic noise appears to be ubiquitous; spectra for the dc and the modulated electron beams are very similar, as can be seen by comparing Figures 1, 2, 6 , and 7. There is another comparable electrostatic noise spectrum due just to the orbiter moving through the ionospheric plasma. This orbiter-generated noise is seen in Figures 3 [Beghin, 1979] 10-keV, 100-mA accelerator and associated diagnostics. On Spacelab 2 the FPEG and PDP will be flown together with the PDP at a range of up to 1 km from the FPEG.
CONCLUSIONS
Measurements by the plasma diagnostics package of waves stimulated by the operation of the FPEG 50-to 100-mA, 1-keV electron beam have yielded characteristics which largely agree with results from space simulation chamber and sounding rocket measurements under the beam plasma discharge conditions. Electrostatic waves in the frequency range between the electron plasma and upper hybrid freqency are infrequently observed; these waves appear to be confined to the beam cylinder, which is not often explored with the PDP. Emissions are found in the range including harmonics of the electron gyrofrequency, and a spectrum of electromagnetic whistler mode waves extend below the electron gyrofrequency. At lower frequencies these waves become electrostatic with a peak at 0.3 to 1 kHz below the lower hybrid frequency. Electrostatic emissions are observed in this VLF frequency range without the beam being emitted, probably because of the orbiter's motion through the plasma. When the beam is on, the noise is enhanced by ,--40 dB. Some rocket and plasma chamber measurements have exhibited peaks and/or discrete emissions of ,--5 kHz, but these are not persistently seen on STS 3. Modulation of the beam at VLF and ELF yields ac fields that are more electromagnetic in character. The beam modulation may be significantly altered as the beam propagates by beam-plasma (BPD ?) interactions.
